Introduction
============

All organisms are exposed to reactive oxygen species (ROS) or reactive oxygen metabolites (ROM), such as hydrogen peroxide (H~2~O~2~), superoxide anions (·O~2~-) or hydroxyl radicals (·OH), as a byproduct of oxidative metabolism or through exposure to radical-generating compounds \[[@B1]\]. Free radicals and ROS are closely associated with various degenerative diseases including atherosclerosis, ischemic heart disease, and aging, etc. \[[@B2],[@B3]\]. Oxygen free radicals have been implicated in the development of atherosclerosis during hypercholesterolemia \[[@B4],[@B5]\]. Hypercholesterolemic atherosclerosis was associated with the increase in aortic tissue and blood malondialdehyde (MDA) content, a lipid peroxidation product, and antioxidant enzyme and a decrease in antioxidant reserve \[[@B6],[@B7]\]. These results suggested that levels of oxygen free radicals are increased in hypercholesterolemia. The increase in oxygen free radicals could be due to their overproduction and/or decreased antioxidant reserve and antioxidant enzyme activity. There is also an increasing amount of evidence that supports the \"oxidation hypothesis\" for atherosclerosis \[[@B8]\]. Carew et al. \[[@B9]\] and Hanna et al. \[[@B10]\] reported that probucol treatment lowers the rate of aortic atherosclerosis by limiting the oxidative modification of LDL and exerting other antioxidant properties.

Flavonoids, which are another antioxidant class, are a large group of polyphenolic antioxidants present in a variety of foods from vegetable sources, such as onions, apples, citrus, grapes, tea, and wine. Most naturally occurring flavonoids express various antioxidant effects, e.g., the scavenging of free radicals, chelation of transition metals, and inhibition of radical producing enzymes \[[@B11],[@B12]\]. A flavonoid-rich diet has also been related to a reduced incidence of coronary heart disease (CHD) \[[@B13]\].

Wine-making affords grape pomace as a by-product in an estimated amount of 13% by weight of the grapes. This waste, consisting of peels, seed and stems, should be treated as a special solid residue, due to its high levels of residual phenolic compounds \[[@B14]\]. Thus, grape seed and peel are increasingly being used to obtain functional food ingredients such as natural antioxidants and dietary supplements \[[@B15]\]. Simonetti et al. \[[@B16]\] reported that the ingestion of grape seed extract increase the levels of α-tocopherol in red blood cell membranes and suggested that grape seed extract exert their antioxidant protection by sparing liposoluble vitamin E *in vivo*. Koga et al. \[[@B17]\] reported that the intake of proanthocyanidins increases the resistance of plasma against oxidative stress and may contribute to physiological functions of plant food including wine through their *in vivo* antioxidant activities. Yamakoshi et al. \[[@B18]\] suggested that proanthocyanidins, the major polyphenol in red wine, might trap reactive oxygen species in plasma and interstitial fluid of the arterial wall, thereby inhibit the oxidation of LDL and show an antiatherosclerotic activity. The grape peel is rich in anthocyanins, which are glycosidic-linked flavonoids responsible for the red, violet, purple, and blue colors of many plants \[[@B19]\]. As with other plant polyphenols, many anthocyanins have marked antioxidant activity *in vitro* \[[@B20]\]. Some anthocyanidins are bioavailable, as they have been detected in human plasma, however, little is known about their potential antioxidant properties *in vivo* \[[@B21],[@B22]\]. Thus, the present study was undertaken to compare the action and effects of grape seed extract and peel extract supplements on various antioxidative changes in high-cholesterol-fed rabbits.

Materials and Methods
=====================

Chemicals
---------

Red grapes (*Vitis labruscana* L.) were purchased at commercial maturity at a local store. Grape seed powder was defatted with hexane. After shaking the mixture for 6 hour at room temperature, the liquid was separated from the solid by vacuum filtration. The solid residue was evenly distributed over a tray and kept under the hood in the dark to evaporate the hexane. Grape peel was ground with the help of a grinder to obtain a powder for extraction and a feed additive. Grape seed and peel extract were extracted from powder of grape pomace. Briefly, grape seed extracts were extracted with methanol at 70℃ for 6 hour and grape peel extracts were extracted with ethanol at 25℃ for 6 hour. To obtain each powder, the aqueous layers were lyophilized by freeze-dry.

Animals and diets
-----------------

Forty-eight male New Zealand white rabbits (Samtako Co., LD, Korea) with a mean weight 2.30 ± 0.13 kg were divided into eight groups. They were individually housed in steel cages in an air-conditioned room (23 ± 1℃, 55 ± 5%, humidity). The diets were prepared freshly every 8 weeks and stored at 4℃ until use to prevent oxidation and loss of antioxidants. Fresh feed was provided as powder once a day. Throughout the experimental period, they were given restricted amounts (250 g/ head per day) of each diet, and access to water ad libitum. A normal group (NOR) of six rabbits were fed the commercial rabbit chow diet (Purina Co., Korea). The six rabbits in the cholesterol group (CHOL) were fed the standard diet containing 1% cholesterol (w/w). The six rabbits in the grape seed extract group (GSE) were fed the standard diet containing 1% cholesterol plus 0.2% grape seed extract, the six rabbits in the grape peel extract group (GPE) were fed the standard diet containing 1% cholesterol plus 0.2% grape peel extract, the six rabbits in the grape seed powder group (GSP) were fed the standard diet containing 1% cholesterol plus 10% grape seed powder, the six rabbits in the grape peel powder group (GPP) were fed the standard diet containing 1% cholesterol plus 10% grape peel powder, the six rabbits in the grape extract group (GE) were fed the standard diet containing 1% cholesterol plus 0.1% grape seed extract with 0.1% grape peel extract, and the six rabbits in the grape powder group (GP) were fed the standard diet containing 1% cholesterol plus 5% grape seed powder with 5% grape peel powder. Body weight was determined every week.

Blood samples
-------------

At the end of the experimental period, the rabbits were anesthetized with katamine-HCl following a 12 h fast. Serum was obtained by centrifuging the blood at 3,000 rpm for 20 min at 4℃. The livers were then removed, rinsed with 0.1 ~mM~ PBS (pH 7.4), and weighed. The serum and livers were stored at -70℃ until analyzed. Breeding of experimental animals was carried out by observing the regulations on use and management of laboratory animals by the Korea Testing & Research Institute (announcement of amendment by Institutional Animal Care and Use Committee, 2006).

Liver antioxidant enzyme activities
-----------------------------------

The enzyme sources were isolated using the following procedure. One gram of liver tissue was homogenized with 9 mL of 0.1 ~mM~ PBS buffer, and the homogenates were then centrifuged at 10,000 rpm for 60 min to obtain the cytosol supernatant. Protein level was determined in diluted aliquots of the homogenates/cytosol by the method of Lowry et al. \[[@B23]\] using bovine serum albumin as standard. The concentration of GSH was determined by the method of Simons and Johnson \[[@B24]\] based on the development of a yellowed color when DTNB (5,5\'-dithiobis-(2-nitrobenzoic acid)) is added to compounds containing sulfhydryl groups. The activity of GST was determined as described by Habig et al. \[[@B25]\] with modification. The reaction was started by the addition of 0.1 mL of 10 ~mM~ GSH to the reaction mixture containing 0.5 mL of GST buffer, 0.1 mL of 10 ~mM~ CDNB, 0.1 mL of cytosol, and 0.2 mL distilled water. The increase in absorbance at 340 nm was red using CDNB as substrate. In the assay of glutathione peroxidase, the enzyme catalyzed the reduction of organic peroxide through formation of oxidized glutathione (GSSG). GSSG was reduced to glutathione by glutathione reductase (GR) which oxidized NADPH to NADP^+^ in the catalytic cycle. The change in absorbance at 340 nm due to the oxidation of NADPH was the basis for quantitating the activity of GPx by the method of Paglia and Valentine \[[@B26]\]. Catalase activity was measured by the method of Aebi \[[@B27]\] using hydrogen peroxide (H~2~O~2~) as substrate. The disappearance of H~2~O~2~ was followed at 240 nm. Enzyme activity was expressed as U/mg protein at 25℃.

Serum and liver lipid peroxidation (TBARS assay)
------------------------------------------------

Endogenous lipid peroxidation in serum was assessed by measuring malondialdehyde (MDA) level according to the method of Buege and Aust \[[@B28]\]. Briefly, 100 µl of serum was well mixed with 2.5% trichloroacetic acid (TCA) and 1% thiobarbituric acid (TBA). After boiling at 100℃ for 15 min, the samples were cooled at room temperature, centrifuged at 3,000 rpm for 10 min at 4℃, and the supernatant absorbance was read at 532 nm.

The levels of liver lipid peroxide were determined using the method of Ohkawa et al. \[[@B29]\] with a slight modification. Briefly, 0.1 mL of liver homogenate (1 g liver/9 mL of 0.1 ~mM~ PBS) was well mixed with 0.2 mL of 8.1% sodium dodecyl sulfate, 0.7 mL of distilled water, 0.8% TBA and 20% acetic acid. The reaction mixture was heated at 100℃ for 60 min. After cooling the mixture, 4 mL of n-butanol : pyridine (14:1, v/v) was added and centrifuged at 3,000 rpm for 10 min. Absorbance of the resulting colored layer was measured at 532 nm using 1,1,3,3-tetramethoxypropane (Sigma, USA) as the standard.

Serum and liver α-tocopherol concentration
------------------------------------------

The serum and liver vitamin E concentrations were simultaneously determined using the HPLC method of Choi \[[@B30]\]. 0.5 mL of serum/liver homogenate was added to ethanol and extracted by hexane. The collected hexane layer was then evaporated, dissolved in 1 mL hexane, and separated by HPLC. The chromatography was equipped with a Supelcosil™ LC-NH~2~ (25 cm × 4.6 mm, 5 µm) column and detected at UV 290 nm.

Statistical analysis
--------------------

Results are presented as mean value ± standard deviation. Analysis of variance was performed using ANOVA procedures. Significant differences between means were determined by Duncan\'s multiple range test at a level of α = 0.05.

Results
=======

Effect on weight gain and organ weights
---------------------------------------

There were no significant differences in the weight gain among the groups, but liver and kidney weights were significantly increased in cholesterol supplement groups compared to the normal diet group ([Table 1](#T1){ref-type="table"}).

Liver glutathione contents and antioxidant enzyme activities
------------------------------------------------------------

The glutathione contents and antioxidant enzyme activities of grape seed and peel extract or powder feeding groups are shown in [Table 2](#T2){ref-type="table"}. Glutathione content of NOR (normal group) was significantly lower than that of CHOL (cholesterol group) (*P* \< 0.05). Also, GE (grape seed extract group) and GP (grape seed and peel powder group) were observed as significantly lower than CHOL (*P* \< 0.05). But glutathione content of GSE was not significantly different compared with CHOL.

The GST activity was higher in the grape peel powder group (GPP) than in the high cholesterol diet group (CHOL). The GPx and CAT activities were significantly higher in the grape seed extract group (GSE) than those in the high cholesterol diet group (CHOL). The supplementation of grape seed extract caused a 52% and 56% increase, respectively, in the GPx and CAT activities compared to the high cholesterol diet group (CHOL).

Serum and liver lipid peroxidation (TBARS assay)
------------------------------------------------

The serum and lipid peroxide concentrations were determined by measuring the TBARS concentration ([Table 3](#T3){ref-type="table"}). The serum TBARS concentration was significantly lower in grape seed extract group (GSE), grape peel powder group (GPP), mixed group of grape seed and peel extract (GE) and mixed group of grape seed and peel powder (GP). However, the hepatic TBARS concentration was lower in high cholesterol diet group (CHOL) rather than in grape seed and peel supplement groups. The grape seed and peel supplementation had no effect on reducing TBARS concentrations.

Serum and liver α-tocopherol concentration
------------------------------------------

There was no difference in the vitamin E concentration of serum and liver between the groups. However, the grape peel powder supplement increased the concentrations of serum vitamin E by 52%, compared to the high cholesterol diet group (CHOL) ([Table 4](#T4){ref-type="table"}). Also, the mixed grape seed and peel extracts supplement increased the concentrations of hepatic vitamin E by 31%, compared to the high cholesterol diet group (CHOL).

Discussion
==========

The aim of this study was to evaluate the antioxidant enzymatic activity of extracts and powders prepared from grape pomace in hypercholesterolemic-rabbits. In this study, we demonstrated that although grape pomace did not increase antioxidant enzyme activities, grape peel powder intake was a favorable effect on the increase of GST activity, which resulted in high tocopherol content. The extract and powder of grape seed and peel supplement were not significantly different among rabbit groups, however, showed the highest level in GE and the lowest level in GSP. The liver weight increased of CHOL, GSE, GPE, GSP, GPP, GE and GP would result by cholesterol intake. The glutathione content within the liver tissue was significantly higher in grape seed extracts group (GSE) than other groups, but significantly lower than the control group (CHOL) in normal diet groups (NOR) and mixed group of grape seed and peel powder (GP). GST activation was significantly low in grape seed extracts group (GSE) which differed from the results of glutathione content, and showed a high activation in normal diet group (NOR) and mixed group of grape seed and peel powder (GP). The activation of GPx and CAT showed similar results with glutathione content, having a significantly high value in grape seed extracts group (GSE).

GSH content functions as the substrate of GST and GPx, which are enzymes that show defensive reaction of cells due to external oxidative damage. As a substance that removes lipid peroxide within the cells and other foreign bodies and as a storage and carrier of amino acid, it performs various cell functions \[[@B31]\]. It decreases by chronically taking ethanol and is known to increase cytosolic GST activation of the liver cell \[[@B32]\]. GST is an enzyme which catalyzes the reaction of glutathione and thioether formation by including reduced GSH to lipotropic and electrophilic substances within the body. It participates in detoxification and excretion of lipotropic and electrophilic substances among mutagen substances, carcinogenic substances, toxic and pharmacologically active materials, metabolites of these substances, and endogenous toxins \[[@B33]\]. It also is related to the biosynthesis of prostaglandin and leukotriene, and combines with bilirubin, heme, steroid hormone, bile acid and others to induce transmigration within cells, transportation, and excretion \[[@B34]\]. The activation of enzyme in blood increases in acute and fulminant hepatitis, hepatocirrhosis, and hepatoma when poisoned by carbon tetrachloride. It is known to be reduced in liver tissues that are intoxicated by carbon tetrachloride and hepatoma tissues \[[@B35]\].

In case of rabbits, the GSH content within liver tissues was significantly highest in grape seed extracts group (GSE), and GST activation was shown to be high compared to the control group (CHOL) in grape peel power group (GPP). The GSH content results were similar to Cahide and Tannaz\'s results, which was increased in white mice with hypercholesterolemia when administrating vitamin E for a long period \[[@B36]\]. The GSH content was significantly increased in hypercholesterolemic rabbits that ate bamboo coated rice \[[@B37]\]. GPx is a selenium dependent enzyme that catalyzes the formation of GSSG and water from hydrogen peroxide and GSH, and GSSG, alcohol, and water from other peroxides and GSH within the body. It prevents oxidative damage of tissues and counteracts oxidative stress \[[@B38]\]. For rabbits, the GPx activation was increased in grape seed extracts group (GSE) like the GSH content. This is consistent with the result reported by Tebib et al. \[[@B39]\] that supplying grape seed extracts increases GPx activation within the liver tissue. The GSH content within liver tissue was high in grape seed extracts group (GSE) along with GPx and CAT activation. However, it is considered that GST activation was low because grape seed extracts participated in increasing activation of enzymes which eliminate hydroxyl radical that formed from grape seed extracts and hydrogen peroxide, before GST activation was increased.

The lipid peroxide content within serum showed a decrease due to the supply of grape seed extracts (GSE) and grape power mixture (GP), but peroxide formation could not be suppressed in liver tissues. Lipid peroxidation within the body acts with proteins, RNA, and DNA which are the components of cells, and causes biochemical change and dysfunction of mitochondria that has antioxidant enzymes. This accelerates degenerative diseases such as arteriosclerosis \[[@B40]\]. Among this, MDA is a main byproduct of lipid peroxidation, and is being reported as a LDL oxidation inducer since an antibody for MDA-modified LDL was discovered in the lipid peroxidation of LDL that occurred *in vivo* \[[@B41]\]. Jeon et al. \[[@B42]\] reported that TBARS contents showed a higher value in rabbits that took high cholesterol meals than those that did not. The lipid peroxidation was sufficiently suppressed within the liver tissue when the antioxidants naringin and probucol were added to the high cholesterol meal by 0.5 g/kg diet concentration. Choe and Kim \[[@B43]\] examined lipid peroxidation in the liver and kidney of hypercholesterolemic rabbits, and reported that wheat controlled the peroxidation of rabbit tissue. Tamer et al. \[[@B44]\] also reported that for atherosclerosis patients, GSH in erythrocytes and total antioxidant functions within plasma was decreased while MDA blood content was increased within plasma. Yamakoshi et al. \[[@B18]\] reported that TBARS content within serum was significantly decreased at 4 weeks after breeding from administrating grape seed extracts. Also, when grape seed extracts full of proanthocyanidin are administered, it will inhibit MDA formation within liver tissues in cataract ICR/f rat, and significantly reduce ChE-OOH (cholesteryl ester hydroperoxides) formation in plasma oxidation that is induced by Cu \[[@B45]\]. Ahn et al. \[[@B46]\] reported the favorable effects of tannin substances in persimmon and grape seeds which well scavenge DPPH radical, and are effective in reducing TBARS and phosphatidlycholine hydroperoxide formation within the body and liver. In this study, the grape seed extracts reduced the TBARS amount in the serum of the rabbit. Not like in serum, the grape seed extract was not effective in controlling TBARS formation within the liver tissue of the rabbit. This is considered to be caused by the monomeric flavanol from the extracts which were given to the rabbit, as mentioned in Tebib et al. \[[@B39]\], so the MDA formation was not significantly decreased within the liver tissue.

Osada et al. \[[@B47]\] reported that apple polyphenol fed rat slightly increased serum tocopherol contents compared with control group. Also, (+)catechin increased the level of α-tocopherol in rats by a mechanism independent of tocopherol-ω-hydroxylase, which is a key enzyme in tocopherol catabolism \[[@B48]\]. Therefore, the metabolites of procyanidins, rather than internal α-tocopherol, may play critical free radical-scavenging roles.

In conclusion, grape seed extracts were effective in increasing CAT and GPx activation in the liver tissue, but not so effective in controlling the formation of lipid peroxides within the liver tissue. Thus it is considered that the activation of GST which mainly participates in drug detoxification influences lipid peroxidation control in the first stage, compared to other antioxidant enzyme activation. Also, this is the result of not presenting sufficient connection of grape seed extracts to the metabolism of antioxidant enzyme activation, and is considered to be deeply related to the polymerization of proanthocyanidin which exists within the grape seed extract.

Through this study, lipid peroxidation inhibition activity of grape pomace was not identified, but the activation for antioxidant enzyme can play an important role. In the future, MDA (malondialdehyde) formation level of various organ included heart, spleen, kidneys, arteries as well as liver, which is analyzed to be clearly identified on metabolic pathway.
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###### 

Body weight gain and liver weight of rabbits fed experimental diets

![](nrp-4-114-i001)

^1)^NOR : normal diet, CHOL : 1% cholesterol diet, GSE : 1% cholesterol + 0.2% grape seed extract diet, GPE : 1% cholesterol + 0.2% grape peel extract diet, GSP : 1% cholesterol + 10% grape seed powder diet, GPP : 1% cholesterol + 10% grape peel powder diet, GE : 1% cholesterol + 0.1% grape seed extract + 0.1% grape peel extract diet, GP : 1% cholesterol + 5% grape seed powder + 5% grape peel powder diet

^2)^Mean ± SD, n = 6

^3)^Values within a column with different superscripts are significantly different at α= 0.05 by Duncan\'s multiple range test (NS: not significant).

###### 

Glutathione (GSH) contents, GST, GPx and CAT activity in liver tissue of rabbits fed experimental diets

![](nrp-4-114-i002)

^1)^NOR : normal diet, CHOL : 1% cholesterol diet, GSE : 1% cholesterol + 0.2% grape seed extract diet, GPE : 1% cholesterol + 0.2% grape peel extract diet, GSP : 1% cholesterol + 10% grape seed powder diet, GPP : 1% cholesterol + 10% grape peel powder diet, GE : 1% cholesterol + 0.1% grape seed extract + 0.1% grape peel extract diet, GP : 1% cholesterol + 5% grape seed powder + 5% grape peel powder diet

^2)^Mean ± SD, n = 6

^3)^Values within a column with different superscripts are significantly different at α= 0.05 by Duncan\'s multiple range test.

###### 

The contents of TBARS in serum, liver and kidney of rabbits fed experimental diets

![](nrp-4-114-i003)

^1)^NOR : normal diet, CHOL : 1% cholesterol diet, GSE : 1% cholesterol + 0.2% grape seed extract diet, GPE : 1% cholesterol + 0.2% grape peel extract diet, GSP : 1% cholesterol + 10% grape seed powder diet, GPP : 1% cholesterol + 10% grape peel powder diet, GE : 1% cholesterol + 0.1% grape seed extract + 0.1% grape peel extract diet, GP : 1% cholesterol + 5% grape seed powder + 5% grape peel powder diet

^2)^Mean ± SD, n = 6

^3)^Values within a column with different superscripts are significantly different at α= 0.05 by Duncan\'s multiple range test (NS: not significant).

###### 

α-Tocopherol levels in serum and liver tissue of rabbits fed the experimental diets

![](nrp-4-114-i004)

^1)^NOR : normal diet, CHOL : 1% cholesterol diet, GSE : 1% cholesterol + 0.2% grape seed extract diet, GPE : 1% cholesterol + 0.2% grape peel extract diet, GSP : 1% cholesterol + 10% grape seed powder diet, GPP : 1% cholesterol + 10% grape peel powder diet, GE : 1% cholesterol + 0.1% grape seed extract + 0.1% grape peel extract diet, GP : 1% cholesterol + 5% grape seed powder + 5% grape peel powder diet

^2)^Mean ± SD, n = 6

^3)^Values within a column with different superscripts are significantly different at α= 0.05 by Duncan\'s multiple range test (NS: not significant).
